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DESCRIPTION 

OPTICAL SWITCH 

TECHNICAL FIELD 

The present invention relates to an optical switch for switching 
combinations of optical paths between a plurality of optical fibers. 

BACKGROUND ART 

Conventionally, an optical switch is known in which a prism is 
provided to be insertable and removable into and from between collimating 
lenses optically coupled to a plurality of optical fibers, respectively, so as to 
switch the optical paths between the lenses based on the presence or absence 
of the prism (refer to Japanese Laid-open Patent Publication 2003-015059). 

DISCLOSURE OF INVENTION 

However, in the structure disclosed in the above patent document, a 
plurality of collimating lenses which account for most of the component cost 
is used, so that it is difficult to reduce the cost of the optical switch. Further, 
input and output optical systems are arranged to face each other, so that it 
requires spaces to hold the optical systems and spaces to seal the optical 
fibers in many locations, making it difficult to reduce the size of the' optical 
switch. 

The present invention has been made in view of the above reasons, 
and it is an object of the present invention to provide an optical switch which 
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makes it possible to reduce the cost and size by integrating and using 
components in common. 

To achieve the above object, the present invention provides an 
optical switch for switching combinations of optical paths between a 
plurality of optical fibers, comprising: a device body with at least three 
optical fibers being led out therefrom; and an optical block for switching 
housed in the device body so as to be optically coupled to the respective 
optical fibers, 

the optical block comprising: a lens block having one surface side to 
place the optical fibers on, and having a plurality of collimating lenses 
placed side by side in the device body; a prism which is placed distantly 
from the lens block on the other surface side of the lens block such that the 
direction of travel of light incident from the optical fibers through the 
collimating lens is changed to be directed toward a further optical fiber; a 
switching mirror placed to be insertable and removable into and from 
between the lens block and the prism; and an actuator for driving the mirror, 

wherein the respective optical fibers are led out from the one surface 
side of the device body 

According to the present invention, the respective optical fibers are 
led out from one surface side of the device body, so that it becomes possible 
to reduce the size as compared with prior art, and furthermore that spaces to 
seal the optical fibers as in the prior art are reduced, thereby achieving size 
reduction of the optical switch. 

Preferably, the lens block has the plurality of integrally formed 
collimating lenses. By using the integrally formed lens block, it is possible 



3 



to improve the optical characteristics, and to reduce the number of 
components as compared with the prior art in which the coliimating lenses 
are discretely formed, thereby enabling cost reduction. 

Further preferably, the lens block has fixed thereto ferrules holding 
the respective optical fibers, respectively. This makes it possible to reduce 
misalignment of optical axes between the optical fibers and the coliimating 
lenses. 

Still preferably, the bonding surfaces between the lens block and the 
ferrules are formed by planes inclined at an angle to at least some extent 
relative to planes perpendicular to axes of passing light beam. This makes 
it possible to achieve reduction of the return losses by return light reflected 
at the bonding surfaces between the lens block and the ferrules. 

Still further preferably, the optical block comprises one optical bench 
contained in and mounted on the device body for positioning and fixing the 
lens block, the prism and the actuator. This allows the optical block to be 
fixed to one optical bench, so that it is possible to improve the positioning 
accuracy, and improve the optical characteristics. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG 1(a) is a plan view of an optical switch, with its cover being cut 
into a cross-section, according to an embodiment of the present invention, 
and FIG. 1(b) is a cross-sectional front view of the same optical switch, 
while FIG 1(c) is a side view of the same optical switch; 

FIG 2 is an exploded perspective view of the same optical switch; 

FIG 3(a) is a cross-sectional side view of the same optical switch in 
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the absence of a mirror, while FIG 3(b) is a cross-sectional side view of the 
same optical switch in the presence of the mirror; and 

FIG. 4(a) is a view showing a path of an optical beam in the same 
optical switch in the absence of the mirror, while FIG 4(b) is a view showing 
a path of an optical beam in the same optical switch in the presence of the 
mirror. 

BEST MODE FOR C ARRAYING OUT THE INVENTION 

Hereinafter, an optical switch according to an embodiment of the 
present invention will be described with reference to the drawings. 
Referring to FIG 1 and FIG 2, the optical switch comprises a device body 
10 with three optical fibers 1, 2, 3 being led out from one surface side 10a of 
the device body 10, and comprises an optical block 5 for switching housed 
in the device body 10 so as to be optically coupled to the respective optical 
fibers 1, 2, 3. The optical block 5 comprises: a lens block 6 having one 
surface side to place the optical fibers 1, 2, 3 on, and having a plurality of 
integrally formed collimating lenses CI, C2, C3 placed side by side in the 
device body 10; a prism 7 which is placed distantly from the lens block 6 on 
the other surface side of the lens block 6 such that the direction of travel of 
light incident from the optical fibers 1, 2, 3 through the collimating lens 6 is 
changed to be directed toward a further optical fiber; a switching mirror 8 
placed to be insertable and removable into and from an optical path between 
the lens block 6 and the prism 7; and an actuator 9 for driving the rnirror 8. 

The lens block 5 forms one lens having plural optical axes by placing 
the plurality of collimating lenses C, C2, C3 side by side. Further, the 
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collimating lenses CI, C2, C3 respectively have the same focal length, and 
have optical coupling surfaces of the optical fibers 1, 2, 3 at the respective 
focal points. The prism 7 is a rectangular prism, and has two rectangular 
surfaces to reflect, once at each surface, light incident from the bottom 
surface thereof, so as to reverse the direction of the incident light with the 
optical axis being translated. The mirror 8 is held at an end of a drive arm 
9a of the actuator 9. The actuator 9 receives a control signal from outside 
to seesaw the drive arm 9a so as to insert and remove the mirror 8 into and 
from the optical path, thereby to switch the direction of travel of the light. 

The respective optical fibers 1, 2, 3 are bonded to the lens block 6 
via ferrules 11, 12, 13 holding the optical fibers, respectively. At this time, 
the ferrules 11, 12, 13 (with the optical fibers 1, 2, 3 passing through central 
portions thereof) are provided with optical axis alignment, and fixed to the 
lens block 6 with an adhesive. Further, in the present embodiment, the 
optical fibers 1, 2 are parallel, and the optical fiber 3 is placed at a 
predetermined angle relative to the optical fibers 1, 2. The respective 
optical fibers 1, 2, 3 are positioned by grooves provided in, and led out from, 
a side wall of the surface side 10a of the device body 10, and are sealed by a 
resin filled in resin retainers 10b. 

The bonding surfaces, i.e. optical coupling surfaces, between the lens 
block 6 and the ferrules 11, 12, 13 are formed by planes inclined at an angle 
to at least some extent relative to planes perpendicular to axes of the passing 
light beam, in order to reduce the return losses by return light reflected at the 
optical coupling surfaces. This will be described in detail with reference to 
FIG 4 later. The optical block 5 comprises an optical bench 15, as one base 



6 



plate, for positioning and fixing the lens block 6, the prism 7 and the actuator 

9. This optical bench 15 is contained in and mounted on the device body 

10. The device body 10 has a shape of box with an open upper surface, 
inside which the optical bench 15 is positioned and fixed, with a cover 20 
being covered from above the upper surface. 

FIG. 3 and FIG 4 describe an operation of the optical switch 
according to the present embodiment, in which FIG. 3(a) and FIG. 4(a) show 
a state where the mirror 8 is absent in the optical path between the lens block 
6 and the prism 7, while FIG 3(b) and FIG 4(b) show a state where the 
mirror 8 is present in the optical path between the lens block 6 and the prism 
7. Before describing the operation, the following describes, with reference 
to FIG 4, details of the placement and structure of the lens block 6 
(collimating lens CI, C2, C3), the mirror 8 and the prism 7, as well as the 
structure of the optical coupling between the lens block 6 and the ferrules 11, 
12, 13, in the optical switch according to the present embodiment. 

With respect to the placement of the lens block 6, the mirror 8 and 
the prism 7, in the absence of the mirror 8 as shown in FIG 4(a), the prism 7 
reverses the direction of light (input) incident from the ferrule 12 (optical 
fiber 2) and passing through the collimating lens C2, and emits (outputs) it to 
the ferrule 11 (optical fiber 1) through the collimating lens CI, as shown by 
the arrows indicating the direction of travel of the light. On the other hand, 
in the presence of the mirror 8 as shown in FIG 4(b), the mirror 8 reflects 
the light (input) incident from the ferrule 12 (optical fiber 2) and passing 
through the collimating lens C2, and emits (outputs) it to the ferrule 13 
(optical fiber 3) through the collimating lens C3. 
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The optical coupling surfaces of the lens block 6 with the ferrules 11, 
12, 13 are respectively inclined with inclination angles relative to the planes 
perpendicular to the respective axes of light as described above. Practically, 
the inclination angles are preferably at least about 5 degrees and at most 
about 45 degrees, which, in the present embodiment, are e.g. 8 degrees. 
Further, the ferrule 11 and the ferrule 12 are placed in parallel, while the 
ferrule 13 is placed at a predetermined angle relative to them. Further, the 
optical coupling surfaces P2, P3 of the ferrule 12 and the ferrule 13 with the 
lens block 6 are positioned on the same plane, which is a plane having a 
posture at an angle different from the optical coupling surface PI of the 
ferrule 1 1 with the lens block 6. 

The operation of the optical switch of the present embodiment 
according to the structure described above will now be described with 
reference to FIG 3 and FIG 4 again. As shown in FIG 4(a), in the absence 
of the mirror 8 where the mirror 8 is removed from the optical path, the input 
light incident from the ferrule 12 and passing through the collimating lens 
C2 is reflected by the prism 7 so as to be reversed in direction, and is output 
to the ferrule 11 (optical fiber 1) through the collimating lens CI. On the 
other hand, as shown in FIG 4(b), in the presence of the mirror 8 where the 
mirror 8 is inserted in the optical path, the input light incident from the 
ferrule 12 and passing through the collimating lens C2 is reflected by the 
mirror 8, and is output to the ferrule 13 through the collimating lens C3. 

As described in the foregoing, according to the optical switch of the 
present embodiment, the respective optical fibers 1, 2, 3 are led out from the 
one surface side 10a of the device body 10, so that it becomes possible to 
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reduce the size as compared with prior art. Further, since the lens block 6 
has the plurality of integrally formed collimating lenses CI, C2, C2 5 it is 
possible to improve the accuracy of relative positions of the plurality of 
collimating lenses, and to improve the optical characteristics of the optical 
block 5. Furthermore, as compared with the case where the collimating 
lenses are formed of discrete components, the number of components can be 
reduced, making it possible to facilitate the assembly work. 

Furthermore, the ferrules 11, 12, 13 holding the respective optical 
fibers 1, 2, 3 are fixed to the lens block 6, so that it is possible to reduce 
misalignment of optical axes between the respective optical fibers 1, 2, 3 and 
the respective collimating lenses CI, C2, C3. Note that if ferrules for 
general use as applied e.g. to optical connectors are used as the ferrules 11, 
12, 13, it is possible to further reduce the cost as compared with the case of 
using ferrules for exclusive use. 

According to the present embodiment, in order to impede the light, 
reflected at the optical coupling surfaces between the lens block 6 and the 
ferrules 11, 12, 13, from entering the optical fibers so as to improve the 
amount of reflection attenuation, such optical coupling surfaces are inclined 
at an angle to some extent relative to the axes of the passing light beam. 
Since the light receivable angle of a general single-mode fiber used for 
optical communication is 7 degrees at maximum, it is possible to improve 
the amount of reflection attenuation by providing the optical coupling 
surfaces with an angle of 8 degrees relative to planes perpendicular to the 
axes of the passing light beam as in the present embodiment. If e.g. an 
adhesive is coated to fix the ferrules so as to bond the optical coupling 
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surfaces, it is preferable that a gap provided at such bonding surfaces is 
constant over the entire area thereof in order to reduce misalignment of the 
optical axes due to the influence of curing shrinkage of the adhesive. 

Besides, by providing the bonding surfaces between the lens block 6 
and the ferrules 11, 12, 13 with an angle equivalent to the angle provided at 
the end surfaces of the ferrules, the leads of the optical fibers 1, 2, 3 become 
compact, thereby enabling size reduction. 

Furthermore, the lens block 6, the prism 7 and the actuator 9 can be 
held by one optical bench 15, thereby achieving cost reduction due to the 
reduction of the number of components. In addition, since the optical 
bench 15, which positions and fixes the lens block 6, the prism 7 and the 
actuator 9, is contained in and mounted on the device body 10, it is possible 
to reduce dead space in the device body 10, and also possible to allow the 
device body 10 to have a structure in which other than the optical fibers 1, 2, 
3 are not exposed to the outside of the device body 10, thereby making it 
possible to reduce the occupation area. 

It is to be noted that the present invention is not limited to the 
structures according to the above embodiments, and various modifications 
are possible as long as they do not alter the spirit of the invention. Further, 
the present application is based on Japanese Patent Application 2004-283813, 
the content of such patent application being incorporated into the present 
application by reference. 



